Kostrakiewicz-Gierałt K.: The variability of Succisa pratensis Moench individuals and ramet clusters in abandoned Molinietum caeruleae meadows. Ekológia (Bratislava), Vol. 34, No. 3, p. 216-225, 2015. This paper reports the results of observations of the abundance of population Succisa pratensis Mo ench , as well as temporal and spatial variabilities of chosen traits such as the number of rosettes, number of leaves per rosette, number and height of flowering stems, number of flower heads per generative stem and number of seeds per fruit. Investigations were conducted in the years 2009−2013, in six patches of Molinietum caeruleae with different dominant species, unmanaged from 10 to 22 years. On the basis of studies performed, the state of populations and chances for maintenance in the colonised site were evaluated.
Introduction
The abandonment of semi-natural habitats due to economic, structural, as well as social factors results in gradual encroachment of competitively strong species such as non-native perennials, shrubs and trees. The advanced secondary succession leads to undesirable changes of environmental conditions such as diminishing of light availability, as well as increase of biomass and litter accumulation, repeatedly observed in meadows (Burnside et al., 2007; Truus, Puusild, 2009; Rosenthal, 2010; Opdekamp et al., 2009) , as well as calcareous grasslands in entire Europe (Poschlod et al., 2002; Hegedüšová, Senko, 2011; Csergő et al., 2013) . The transformations of site conditions affect the variability in performance of many species at various scales, both in time and space. The temporal and spatial variabilities were investigated in populations of several perennials with different architecture (Jensen, Meyer, 2001; Bódis, Molnár, 2001; Denisiuk et al., 2009; Chmura et al., 2012; Černá, Münzbergová, 2013; Kostrakiewicz-Gierałt, 2013 , 2014 .
Analysing the large body of literature, it might be concluded that the majority of investigations have been focused on threatened and protected species, while the observations of rare but not legally protected taxa have been rather neglected. Taking into account the insufficient state of knowledge, the present investigations were performed. The main goal was to Vol. 34, No. 3, p. 216-225, 2015 DOI:10.1515 /eko-2015 
study area
The investigations were conducted in patches of abandoned Molinietum caeruleae meadows situated in Southern Poland, in Kostrze (patches I-III), Opatkowice (patches IV-V) and Pychowice (patch VI). All patches were characterised by the presence of Betonica officinalis, Dianthus superbus, Galium boreale, Gentiana pneumonanthe, Gladiolus In all of the above-mentioned patches, the survey of habitat conditions was performed from 3 to 18 July 2009, from 2 to 15 July 2010, from 5 to 21 July 2011, from 4 to 19 July 2012 and from 2 to 17 July 2013. Each year the percentage of ground surface covered by vascular plants/moss was estimated on the basis of 20 measurements using an aluminium frame (30x30 cm) in randomly chosen sites within the patch. The average height of vascular plants in the patch was evaluated on the basis of measurements of 20 randomly chosen stems of different species performed using a folding tape measure. The light intensity at the soil surface was surveyed with a digital light meter Voltcraft MS-1300 (accuracy +/-5% + 10 digits; measuring range 0.01-50 000 lx). In total, 10 measurements per patch were taken: five measurements were performed on sunny days and the other five on cloudy ones. A detailed description of the habitat conditions is given in T a b l e 1. The characteristics of habitat conditions in observed patches.
Material and methods
In each of the aforementioned patches, one population of Succisa pratensis has been established. In the year 2009, in each population the abundance of individuals (defined as a single vegetative or generative rosette) and ramet clusters (understood as an integral group of rosettes) was examined. Subsequently, the representative, permanent study plots (10x10 m) were set and fenced, whereas all individuals and ramet clusters growing within them were tagged with plastic pegs. During the years 2009-2013 the numbers of individuals and ramet clusters of S. pratensis growing within particular plots were examined. Moreover, in each season the following parameters were counted or measured: (1) number of rosettes in each individual/ramet cluster, (2) number of leaves in each rosette, (3) number of generative rosettes in each individual/ramet cluster, (4) number and height of generative stalks, (5) number of flower heads in each generative stem. Furthermore, the number of seeds per fruit was surveyed in 30 flower heads randomly collected beyond the study plot. The statistical analysis was based on non-parametric H Kruskal-Wallis test.
results
The total numbers of individuals and ramet clusters of S. pratensis in particular patches are 112, 102, 84, 75, 97 and 224, respectively. The gradual, slight increase of abundance in consecutive years was found only in patch I, the constant abundance was recorded in patches II and VI, while the slight decrease of abundance was found in patches III and IV (Table 2 ). The number of rosettes ranged from 0.90 to 1.84 per genet/ramet cluster and did not show the spatial or the temporal variability (Table 3 ). The number of leaves per rosette amounted from 4.2 to 8.3. It showed only the spatial variability and dropped significantly from patch I, through patches II, III, IV and V, to patch VI (Table 4 ). The number of generative stems was much lower in patches I, II, III and IV, where it ranged from 1.6 to 3.0, than in patches V and VI, where it ranged from 2.3 to 7.0 In all patches, the number of generative stems increased moderately in consecutive years (Table 5 ). The height of flowering stems measured from 70.5 cm to 116.4 cm and increased in particular patches, as well as in consecutive seasons (Table  6) . A similar tendency was present for the number of flower heads, which amounted from 2.4 to 7.8 (Table 7) , as well as the seed number, which ranged from 50.5 to 105.8 (Table 8) . 
Discussion
The performed observations showing that the differences in size of populations are not correlated with the period of abandonment are in opposition to several studies reported by Plieninger et al. (2013) . Simultaneously, it should be pointed out that several authors claimed that the size of S. pratensis populations does not affect the performance of individuals (Hooftman et al., 2003) and genetic diversity (Billeter et al., 2002) . On the other hand, Vergeer et al. (2003a, b) bring evidence that genets originating from smaller populations performed less well, showed less genetic variation and higher inbreeding coefficients than plants from large populations. Furthermore, according to the aforementioned authors, plants from small populations suffered more from deteriorating soil conditions than those from large populations.
The presented results showing the successive, slight increase of abundance only in patches dominated by small meadow species might be due to the appearance of openings in con-tinuous plant cover considered as safe sites for seedling recruitment. Such a phenomenon is consistent with the studies of Wallin (2007) , who claimed that in the meadows both the mowing and raking treatments resulted in higher population growth rates compared to the unmanaged plots. Also, Bühler and Schmid (2001) found that mowing and grazing contribute to an increase in local densities of seedlings and vegetative adults of S. pratensis. On the other hand, the experiment performed by Jongejans et al. (2006) showed that removal of top soil and seed addition did not contribute to the augmentation of appearance of seedlings of S. pratensis.
The state number of rosettes noted in subsequent patches and consecutive years corresponds with the studies of ramet dynamics in populations of Senecio rivularis performed by Czarnecka (2008 Czarnecka ( , 2011 . During long-lasting observations the aforementioned author documented that, irrespective of habitat conditions the numbers of ramets per genet and per study patch are rather constant. Simultaneously, it should be pointed out, that the lack of temporal and spatial variabilities of the number of rosettes in populations of Succisa pratensis is not consistent with several investigations. Chaloupecká and Lepš (2004) documented greater proliferation of ramets in genets of Lychnis flos-cuculi and Myosotis nemorosa in gaps in continuous plant cover, than in dense stands. Moreover, the negative influence of the neighbourhood of shrubs and tall-growing macroforbs with robust underground organs on vegetative multiplication was observed in Potentilla anserina (Eriksson, 1985) , Ranunculus reptans (van Kleunen et al., 2001) , Hieracium pilosella (Winkler, Stöklin, 2002) and Serratula tinctoria (Kostrakiewicz-Gierałt, Bąba, 2014) .
The decrease of the number of leaves in rosettes along the gradient of the rising height of plant cover might be caused by the diminishing of light intensity at the soil surface. A similar phenomenon was recorded in individuals of Arabidopsis thaliana growing in artificially induced shade (Cookson, Granier, 2006) . The above-mentioned authors argued that a low level of light availability might dramatically reduce the rate of leaf initiation and the duration of the phase of leaf production. Simultaneously, it should be added that an increase of leaf number with augmentation of light availability was recorded in numerous species inhabiting a wide spectrum of habitats from dry sand prairies (Davis et al., 1995) , via meadows (Chaloupecká, Lepš, 2004) , to forests (Meekins, McCarty, 2000) .
The obtained results demonstrating the temporal and spatial variabilities in number and height of flowering stems did not support observations carried out in populations of other taxa occurring in Molinietum caeruleae meadows. In populations of Trollius europaeus, the number of generative stalks did not change significantly in time and in space, while the height of generative stems presented only the spatial variability (Kostrakiewicz, 2009) . Also, in populations of Gentiana pneumonanthe (Kostrakiewicz-Gierałt, 2013) , Gladiolus imbricatus (KostrakiewiczGierałt, 2014) and Iris sibirica (Kostrakiewicz, 2008) , dimensions of generative stems did not change in consecutive years and increased substantially along the gradient of the rising level of shading. The increase of height of generative stalks in the vicinity of tall-growing plants was also recorded in populations of Serratula tinctoria (Kostrakiewicz-Gierałt, Bąba, 2014) , Dactylorhiza majalis (Janečková, 2006) , as well as D. incarnata (Schrautzer et al., 2011) .
The presented studies showing the greatest production of flower heads and seeds in sites with a low level of light intensity are consistent with the findings of van der Meer et al. (2013) .
The aforementioned authors documented that populations of Succisa pratensis growing in abandoned sites have a higher flowering frequency and higher seed set per flower head than populations established in the managed patches. The increase of fruit and seed production along the gradient of growing shading was observed in populations of Serratula tinctoria (Kostrakiewicz-Gierałt, Bąba, 2014) .
In the light of the performed investigations, it might be concluded that the population inhabiting the patch prevailed by tall-growing macroforbs, bushes and trees presents the best condition. Constant and high abundance, substantial production of generative rosettes, flowering stems, flower heads and seeds might contribute to persistence in the occupied place, as well as to dispersal to other habitats. The population growing in the patch dominated by small meadow taxa shows a good state as an effect of great abundance and increase of individual numbers despite the lowest number of generative stems, flower heads and seeds. The population inhabiting the meadow prevailed by shrub willows, as well as the population established in the site dominated by large-tussock grasses and common reed present the worse condition because of the low numbers of genets and ramet clusters, generative stems, flower heads and seeds. The population established in the patch overgrown by shrub willows and common reed, as well as the population in the meadow prevailed by large-tussock grasses show an unsatisfactory state due to the lowest and gradually decreasing abundance, as well as the low number of generative stems, flower heads and seeds.
